Single molecule Fluorescence in situ Hybridization (smFISH) for mRNA provides a powerful quantitative handle on expression from endogenous gene loci. While the method has been widely applied in cells in culture, applications to primary tissue samples remain fewer, and often use involved cryosectioning. Even apart from quantitative access to absolute transcript counts in specific tissue volumes, many other advantages of smFISH can be envisaged in tissue samples. Primary among these are the ability to report on subtle differences in expression among different cell types within a tissue, and the ability to correlate the expression from different target genes. Here, we present a modified method of smFISH applicable on various primary wholemount tissues from the fruit fly Drosophila melanogaster, and show the efficacy of the method in a variety of larval and adult tissue, and embryos. We also combine smFISH in tissue with immunofluorescence to demonstrate the possibility of capturing transcriptional and translational aspects of gene expression in the same tissue. Given the widespread use of Drosophila melanogaster as a model system in Developmental Biology and Genetics, such methods are likely to be of wide interest and could yield rich information about gene expression in tissues from this organism.
Introduction
Quantitative understanding of gene expression requires a handle on mRNA copy numbers in cells. Methods of bulk biochemistry in tissue homogenates, while insightful, report only on the mean level, and not on the cell to cell heterogeneity of transcription. Further in these assays information on subcellular localization and correlations between two gene products are lost. Standard in situ hybridization (ISH) techniques provide an avenue for analyzing gene expression patterns in primary tissue (Butler et al., 2003; Mohit et al., 2006; Pallavi et al., 2006 ) but as they rely on measuring relative intensities, absolute transcript numbers are not accessible and low level expression tends to get ignored. Differential expression among different cell types in a tissue in close spatial proximity may also get lost. Recent years have seen the development of single molecule fluorescence in situ hybridization (smFISH) techniques for detection of mRNA (Femino et al., 1998; Raj et al., 2008; Zenklusen et al., 2008; Mazumder et al., 2013 ) that have added a more quantitative dimension to the study of transcription. Due to the relative ease of this method, it has found widespread application in studies done in cells in culture (Abranches et al., 2014; Skinner et al., 2016; Mazumder et al., 2013) , but applications to primary tissue have been fewer. Efficient detection of mRNA in cells is of wide interest and several studies from multiple groups have explored different avenues to bring this about (Gasper et al., 2017; Gasper et al., 2018; Weil et al., 2012; Lagha et al., 2013; Halstead et al., 2015; Little et al., 2015; Trcek et al., 2015) . Potentially many new insights into gene regulation in tissue context may be envisaged with techniques like smFISH: First, absolute counts of a particular transcript can be obtained, which might be useful for mathematical modeling unlike relative intensities (Raj and van Oudenaarden, 2009 ). Second, transcriptional variability among different cell types within the same tissue can be easily observed. Third, even low level mRNA expression is also detected because of the single molecule sensitivity of the assay. Fourth, correlations in expression pattern for more than one gene can be followed simultaneously in the same group of cells. Despite these, tissues present a special challenge to such methods because of the many sources of autofluorescence in primary tissue (Monici, 2005) . Some studies have indeed adopted smFISH to primary tissue samples from a variety of organisms in thin cryosections (Itzkovitz et al., 2011; Lyubimova et al., 2013; Soh et al., 2015; Stapel et al., 2016; Moor et al., 2017) , but not often on wholemount tissue. Recently smFISH has been reported in the embryos of the fruit fly Drosophila melanogaster (Little et al., 2013; Little and Gregor, 2018) , the nematode Caenorhabditis elegans (Raj et al., 2010) and the Zebrafish, Danio rerio (Oka and Sato, 2015) . But still it remains under-utilized in
